Purpose: To evaluate the clinical findings and courses of five patients who developed toxic anterior-segment syndrome (TASS) after cataract surgery and investigate the cause. Materials and methods: In May 2010, on the same day, ten patients were operated on by the same surgeon. Five of these patients developed TASS postoperatively. Results: Patients had blurred-vision complaints on the first day after the operation, but no pain. They had different degrees of diffuse corneal edema, anterior-chamber reaction, fibrin, hypopyon, iris atrophies, and dilated pupils. Their vision decreased significantly, and their intraocular pressures increased. Both anti-inflammatory and antiglaucomatous therapies were commenced. Corneal edema and inflammation resolved in three cases; however, penetrating keratoplasty was needed for two cases and additional trabeculectomy was needed for one case. Although full investigations were undertaken at all steps, we could not find the causative agent. Conclusion: TASS is a preventable complication of anterior-segment surgery. Recognition of TASS, differentiating it from endophthalmitis, and starting treatment immediately is important. Controlling all steps in surgery, cleaning and sterilization of the instruments, and training nurses and other operation teams will help us in the prevention of TASS.
Introduction
Toxic anterior-segment syndrome (TASS) is an acute, sterile, inflammatory reaction, characterized by diffuse limbus-to-limbus corneal edema due to endothelial layer damage, fibrinous reaction in the anterior chamber and hypopyon due to breakdown of the blood-aqueous barrier, dilated pupils, and glaucoma due to damage to the iris and trabecular meshwork. It is a reaction against a toxic substance, occurring after any anterior-segment surgery, and usually presents as outbreaks. [1] [2] [3] [4] It generally presents within 12-48 hours after the surgery, and the main complaint of the patient is visual loss. 5, 6 Inflammation is restricted to the anterior segment; there is no posterior-segment involvement. It must be differentiated from endophthalmitis. Intense topical steroidal agents are used in the treatment; in most cases, the inflammation is resolved with this therapy, but in severe cases there may be permanent visual loss. 4, 6, 7 There are many substances causing TASS, which include residues left behind by items used during cleaning and sterilization of surgical instruments, irrigating solutions with incorrect pH, osmolarity or ionic composition, preservatives, stabilizing agents, denatured ophthalmic viscosurgical devices, endotoxins, heavy metals, intraocular medications at toxic doses, and ointments. [8] [9] [10] [11] In this study, we evaluated the clinical findings and courses of five patients who had undergone cataract surgery and developed TASS after the surgery, and investigated the possible causes.
The study protocol was approved by the local ethics committee. Informed consent was obtained from the patients. The study was carried out according to the tenets of the Declaration of Helsinki.
In May 2010, on the same day, ten patients were operated on by a single surgeon (SC). All of the patients had had their other eye operated on 1 week previously, and they had no problem with that eye. The same surgeon performed these operations at the same hospital. Nothing changed. Preoperative preparations and medications used were not different from the previous surgery. The surgical technique used was the same. Before the operation for pupil dilatation, Mydfrin ® (phenylephrine hydrochloride 2.5%) and Tropamide (tropicamide 0.5%) drops were used. Under sub-Tenon's anesthesia (Marcaine ® ; bupivacaine 0.5%, 2 mL), after clear corneal incision, the anterior chamber was filled with a dispersive viscoelastic material (Easy Visc; hydroxypropyl methylcellulose 2%), and then continuous curvilinear capsulorhexis was performed. Then, a side-port incision was performed. After hydrodissection and hydrodelineation, the nucleus was emulsified by using the stop-and-chop technique. After cortex elimination, capsular polishing was done. After a cohesive viscoelastic material (Easy-Luron; Na hyaluronate 16 mg) injection, a foldable posterior-chamber intraocular lens (IOL; Acriva; acrylate monomer) was implanted. For prophylaxis of endophthalmitis, 0.1 mL moxifloxacin 0.5% was administered intracamerally. No ointment was used. After surgery, topical antibiotic (ofloxacin 0.3%) and steroid (prednisolone acetate 1%) treatment was advised four times a day.
The medications and instruments used intraoperatively were not different from those used routinely. Types of cataracts were similar; the energy used and the length of surgery were not different. No dyes, rings, pupil stretchers, or any other device was used. No intraoperative complications occurred. There had been no recent changes in the operation room, sterilization devices, or in the operative team, and the surgeon had no other cases of TASS beforehand or later on.
Results
On the first day following the surgeries, approximately 18 hours after the operations, five patients complained of visual impairment, but they had no pain in their eyes. After full ophthalmologic examinations, they were diagnosed with TASS, but also endophthalmitis was suspected. Treatment for both TASS and endophthalmitis was started. However, when conjunctival culture results were seen to be negative, the systemic antibiotic therapy and intense topical antibiotic therapy for endophthalmitis were ceased. In Tables 1 and 2 , both preoperative and postoperative findings of five patients with TASS are shown. The clinical findings and courses of the patients follow. The cases are in the order that the surgery was performed, but between and among them, there were uneventful cases that we did not mention in detail, because there were no problems postoperatively.
Case 1
A female patient 67 years of age with diabetes mellitus and hypertension had bilateral grade 3 nuclear sclerosis, and also panretinal photocoagulation due to proliferative diabetic retinopathy 2 years previously. One week earlier, her right eye had been operated on; she had no problem with that eye. Her best-corrected visual acuity (BCVA) for her left eye was 2/10 preoperatively (Snellen score, decimal), and her intraocular pressure (IOP) was 19 mmHg. After her left-eye operation, on the first day she complained of visual impairment, but she had no pain. She had diffuse limbus-tolimbus corneal edema, 3+ white blood cell (WBC), 2+ flare, fibrin and hypopyon in the anterior chamber, the pupil was mid-dilated, the iris was atrophic, there was no reaction in the vitreous, IOP was 24 mmHg, and her BCVA was 0.05 (Snellen score, decimal). The patient was treated with topical diclofenac 0.1% four times a day, moxifloxacin 0.5% four times a day, prednisolone acetate 1% every 2 hours daily, and a dorzolamide HCl and timolol maleate combination twice a day. Steroid therapy was tapered according to the degree of inflammation. After 2 months, the inflammation and corneal edema resolved, and the patient's BCVA was 
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Case 2
A female patient 57 years of age with no systemic disease had a bilateral posterior subcapsular cataract. One week prior, her left eye had been operated on, and she had no problem with that eye. Her BCVA for her right eye was 3/10 preoperatively (Snellen score, decimal), and her IOP was 17 mmHg. After her right-eye operation, on the first day she complained of visual impairment and redness in her eye. She had diffuse but not entire corneal edema, 2+ WBC, no flare, no fibrin, no hypopyon in the anterior chamber, the pupil was reactive, the iris was normal, there was no reaction in the vitreous, IOP was 21 mmHg, and her BCVA was 1/10. The patient was treated with topical diclofenac 0.1% four times a day, moxifloxacin 0.5% four times a day, prednisolone acetate 1% every 2 hours daily, and a dorzolamide HCI and timolol maleate combination twice a day. Steroid therapy was tapered according to the degree of inflammation. At the end of 6 weeks, the inflammation and corneal edema resolved, the patient's BCVA was 10/10, and IOP was normal without any treatment.
Case 3
A female patient 71 years of age with hypertension had bilateral cortical cataracts. Her right eye had been operated on 1 week prior, and she had no problem with that eye. Her BCVA for her left eye was 3/10 preoperatively. Her IOP was 12 mmHg preoperatively. After her left-eye operation, on the first day she complained of no vision at all. She had diffuse limbus-to-limbus corneal edema, 4+ WBC, 4+ flare, fibrin and hypopyon in the anterior chamber, the pupil was mydriatic, the iris was atrophic, there was no reaction in the vitreous, IOP was 27 mmHg, and her BCVA was perception positive, projection positive (P
. She was treated with topical diclofenac 0.1% four times a day, moxifloxacin 0.5% four times a day, prednisolone acetate 1% every 2 hours daily, a dorzolamide HCI and timolol maleate combination twice a day, and a systemic oral steroid (methylprednisolone 1 mg/kg daily and tapered). Corneal edema persisted in spite of this intense therapy, and in the sixth postoperative month, the patient was referred to another center for penetrating keratoplasty. After this operation, her BCVA was 5/10, and she continued antiglaucomatous therapy owing to persistent glaucoma.
Case 4
A male patient 69 years of age had diabetes mellitus and bilateral cortical cataracts. One week prior, his left eye had been operated on, and he had no problem with that eye. His BCVA for his right eye was 4/10 preoperatively, and his IOP was 13 mmHg. After his right-eye operation, on the first day he complained of impaired vision and lid edema. He had diffuse but not entire corneal edema, 2+ WBC, no flare, no fibrin, no hypopyon in the anterior chamber, the pupil was reactive, the iris was normal, no reaction in the vitreous was present, IOP was 22 mmHg, and his BCVA was 1/10. He was treated with topical diclofenac 0.1% four times a day, moxifloxacin 0.5% four times a day, prednisolone acetate 1% every 2 hours, and a dorzolamide HCI and timolol maleate combination twice a day. Steroid therapy was tapered according to the degree of inflammation. After 6 weeks, the inflammation and corneal edema resolved, and his BCVA was 10/10; IOP was normal without treatment.
Case 5
A male patient 73 years of age had hypertension and bilateral grade 3 nuclear sclerosis. His right eye had been operated on 1 week prior, and he had no problem with that eye. His BCVA for his left eye was 1/10 preoperatively, and his IOP was 18 mmHg. After his left-eye operation, on the first day he complained of no vision. He had diffuse limbus-to-limbus corneal edema, 4+ WBC, 4+ flare, fibrin and hypopyon in the anterior chamber, the pupil was mydriatic, the iris was . He was treated with topical diclofenac 0.1% four times a day, moxifloxacin 0.5% four times a day, prednisolone acetate 1% every 2 hours daily, a dorzolamide HCI and timolol maleate combination twice a day, and a systemic oral steroid (methylprednisolone 1 mg/kg daily and later tapered). Unfortunately, despite this intensive therapy, corneal edema and glaucoma persisted. In the seventh postoperative month, he underwent both trabeculectomy and penetrating keratoplasty operations in another center. Postoperatively, his BCVA was 2/10, due to glaucomatous damage to the optic nerve. The final outcomes of the patients are shown in Table 3 .
We assembled surgeons, nurses, operating room staff, and sterilization staff for a meeting to investigate the cause of the TASS cases. We reviewed surgical instruments, sterilization machines, the solutions, and medications used. Even though we investigated the operation room intensively, the sterilization process, medications used preoperatively and intraoperatively, the operation team, and instruments used, we could not identify any cause for these TASS cases.
Discussion
The most effective treatment of TASS is to impede its development. 12 In an outbreak, all steps should be controlled. 13 However, many times it is not possible to find the causative agent, as in our cases. Cutler Peck et al analyzed data from 77 questionnaires and 54 site visits. They found that common practices associated with TASS included inadequate flushing of phacoemulsification hand-piece and irrigation/aspiration hand-pieces, use of enzymatic cleansers, detergents at the wrong concentrations, ultrasonic baths, antibiotic agents in balanced salt solutions, preserved epinephrine, inappropriate agents for skin preparation, and powdered gloves. Reuse of single-use products and poor instrument maintenance and processing were other risk factors. 4 Bodnar et al analyzed data from 130 questionnaires and 71 site visits. They determined that there was a 26% reduction in sites reporting inadequate hand-piece flushing volumes and a 27% increase in sites using a deionized/distilled final rinse, a 36% reduction in the use of preserved epinephrine, and a 36% reduction in the use of enzymatic detergents. However, there was a 21% increase in handling of IOLs or instrument tips with gloved hands, a 47% increase in poor instrument maintenance, and a 34% increase in ultrasound bath use without adequate routine cleaning. 5 Moyle et al reported that eleven consecutive patients undergoing phacoemulsification cataract surgery on 2 separate days by the same surgeon had developed TASS on the first postoperative day. They treated the patients with intense topical anti-inflammatory and steroidal drugs. In all patients, active inflammation and corneal edema resolved within 6 weeks, and visual outcome was 20/20. 6 In our patients, we also started intense topical anti-inflammatory and steroidal and antiglaucomatous drugs. In three patients, active inflammation and corneal edema resolved within 2 months, and their visual acuities increased to 7/10, 10/10, and 10/10. However, the other two patients underwent penetrating keratoplasty, with one of them undergoing additional trabeculectomy, and their visual outcomes were 5/10 and 2/10, respectively.
Adequate cleaning and flushing of phacoemulsification and irrigating and aspirating hand-pieces is important to prevent TASS development. Both ports of the hand-pieces should be flushed with 120 mL of sterile distilled or deionized water after each case. 14, 15 The ophthalmic viscoelastic substances remaining within cannulas are denatured by autoclaving, and after entrance into the anterior chamber, they may cause TASS. 10, 16 Enzymatic detergents have some exotoxins that cannot be deactivated by autoclaves, which is why they should not be used for decontamination of the instruments. 9, 17, 18 Ultrasound baths may be colonized with Gram-negative bacteria producing endotoxins that are heat-stable and cannot be deactivated by autoclaves. The instruments can take these endotoxins from a contaminated ultrasonic bath, and thus may cause TASS after entrance into the anterior chamber. 4, 5, 8, 11 Intraocular medications used should be preservative-free (like benzalkonium chloride), because these preservatives cause severe endothelial damage. 19, 20 Both powdered and powder-free gloves can cause TASS, which is why IOLs, tips, and surfaces entering the anterior chamber should not be touched with a gloved finger.
14 Glutaraldehyde and ethylene oxide can cause TASS, so they should not be used in the sterilization process. 2, 13 Intraocular ointment usage also may cause TASS. Disposable devices should be used instead of reusable devices if possible, and disposable devices should not be reused. 12, 18 Ophthalmic instruments should always be cleaned and sterilized separately from other surgical instruments. 5 In conclusion, TASS is a preventable complication of anterior-segment surgery. Recognition of TASS, differentiating it from endophthalmitis, and starting treatment immediately is important. Controlling all steps in surgery, cleaning and sterilization, and training nurses and other operation teams will help us in the prevention of TASS.
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